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Abstract
Neurosurgical procedures continue to be a challenging and intricate part of an anesthesia
provider’s career. The anesthesia provider can control the physiological effects of improper
auto-regulation of the brain that can occur with abnormal neurological pathology. The
control of hyperventilation is one way that the anesthesia provider can manipulate cerebral
physiology. This paper addresses the physiology of impaired brain autoregulation and the
role in which carbon dioxide affects that physiology. Simply stated, carbon dioxide (C02) is
the number one physiological factor that controls cerebral blood flow; increasing C02 dilates
cerebral vessels thus increasing flow while decreasing C02 constricts cerebral vessels hence
decreasing cerebral flow and intracranial pressure. Yet, decreasing blood flow also decreases
oxygen transport, which is placing the brain at increased risk for continuing ischemia.
Numerous research studies were critiqued regarding the usage of hyperventilation in
neurosurgery. These findings were than compared and contrasted with pertinent findings
discussed within the body of this paper. Overwhelming support dictates judicious usage of
hyperventilation under anesthesia and suggests maintaining end tidal carbon dioxide levels
no lower that 28-30mmHg to prevent decreasing oxygen flow at a time where it is greatly
needed. A summary of pertinent findings is printed within the appendix of this paper. This
paper concludes with implications for nursing research, practice, education, and policy
development.
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Hyperventilation and Its Effects on the Neurosurgical Patient

Concerned for the safety of his patients, Harvey Cushing, a founder of neurosurgery,
emphasized the need to closely monitor and record the neurosurgical patient’s pulse,
respiratory rate, temperature, and blood pressure. Through these recordings, better
understandings of the effects of anesthesia on the brain and improvements on anesthetic
techniques have contributed to improving neurosurgical outcomes (Morgan & Mikhail,
2002). One of these improvements has been a better understanding of how anesthesia
providers can minimize the risks of increased intracranial pressure (ICP) in patients
undergoing surgery and its components.
Components of most neurosurgery procedures involve intubation and the use of
anesthetics. The procedures involved in intubation, such as laryngoscopy, often cause
significant increases in both heart rate and blood pressure due to the manipulation of the head
and airway stimulating the autonomic nervous system response process. This increase in
pressure also occurs in the brain, causing an increase in ICP, which can aggravate an already
injured brain. Factors that assist to blunt the adverse effects of ICP have consisted of
preoperative sedation, intravenous lidocaine, smooth induction of anesthetics and
endotracheal tube intubation, minimization of the patient’s cough reflex, and hyperventilation
of the patient. All of these techniques have been shown clinically to decrease the risk for
rising ICP. Inhalational anesthetic agents used to maintain anesthesia, such as Sevoflurane,
Isoflurane, and Desflurane, are known cerebral vasodilators, and hyperventilation has been
used to counteract the increase in cerebral blood flow (CBF) and ICP. Although the use of
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hyperventilation has been shown to decrease ICP, controversy over its usage continues to
exist.
More times then not, the anesthetic provider has specifically been instructed to,
“hyperventilate the patient to a PaC02 (arterial carbon dioxide) between 25-30, as
hypocarbia is a potent cerebral vasoconstrictor, thereby decreasing cerebral blood volume
and ICP” (Jaffe & Samuels, 2004, p.36). Yet other research suggests, since “the exact
mechanism by which C02 (carbon dioxide) exerts its effects on cerebral vessels is not
completely understood” (Hansen, 1998, p. 617), it is recommended that normocapnia be
maintained in patients undergoing neurosurgery (Duke, 2000). Normal carbon dioxide levels
in the body are between 35-45mmHg and can easily be manipulated through adequate rate
and depth of respirations. Obviously, controversy exists and limited standards can be found
on the subject of hyperventilation.
According to the latest PubMed database (2004), there are no published standards of
neuroanesthesia; however, consensus guidelines do exist based on physiologic
considerations. In 2003, The Brain Trauma Foundation noted there are insufficient data to
provide standards or guidelines on this topic. Instead, “aims” of neurosurgery include
avoiding fluctuations in intracranial volume, light levels of anesthesia, and smooth induction
and emergence (Naidu, 2004). The term “fluctuations” is subjective and does not take into
consideration the variance with each neurosurgical procedure nor patients’ brain
autoregulation. Yet one year later, in 2004, The Brain Trauma Foundation found that
through a randomized clinical trail, “outcomes were worse when brain injured patients were
treated with prophylactic hyperventilation therapy (p. 102).” Even though, as mentioned
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earlier, there have been improvements in anesthesia and neurosurgery, there are limited
resources to “guide” the provider to follow standards.
Science and physiology has shown many findings in relation to carbon dioxide and its
effect on the brain. For instance, “PaC02 has profound effects on CBF by its effect on the
pH of brain extracellular fluid. CBF increases linearly with increasing PaC02” (Hurford,
Bailin, Davison, Haspel, Rosow, & Vassallo, 2002, p.403). If CBF is allowed to increase in
an injured brain more fluid is distributed into this closed space. But, if CBF is decreased
through the vasoconstricting effect of hypocarbia, less oxygen is carried to the tissues,
risking ischemia. The normal brain has compensatory mechanisms to ensure an appropriate
balance between vasoconstriction and dilation. Normal cerebral vessels are highly sensitive
to arterial C02, vasoconstricting with hypocapnia and vasodilating with hypercapnia. The
problem is that few if any patients undergoing neurosurgery have a normally autoregulated
brain. “It should be recognized that some patients with diffuse brain injury will have lost
cerebrovascular sensitivity to PaC02, such that hyperventilation will have little or no effect
on vascular volume” (Jaffe & Samuels, 2004, p.36). These definitive statements have lead to
research focusing on the exact effects of carbon dioxide on the normal and inj ured brain.
Because of the diversity of research results and studies recommendations for proper
ventilatory management, this author chose this topic to study.
Problem Statement
Whether the brain is injured or autoregulated, there are both positive and negative
effects of carbon dioxide on its vasculature. Given this, controversy continues to exist over
the appropriate usage and duration of hyperventilation during neurosurgery. No specific
guidelines have been published and resource books give varying recommendations. Due to
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the potential consequences of ischemia within the brain, any procedure that can minimize this
risk must be researched and guidelines developed for anesthesia providers.
Purpose Statement
The purpose of this paper is to examine the use of hyperventilation in the
neuroanesthesia setting, conduct in-depth literature reviews and critiques, identify the effects
of its usage, and develop guidelines to assist anesthesia providers in the usage of
hyperventilation. Additionally, recommendations for nursing research, practice, education,
and policy development will be included.
Significance of the Project
The significance of this project is to formulate guidelines for the nurse anesthetist for
the competent care of the neuroanesthesia patient. Specifically, the significance of
hyperventilation to control ICP, CBF, and cerebral blood volume (CBV) will be addressed in
the formulated guidelines. These guidelines will be presented to anesthesia providers in
pamphlet format to facilitate quick reference and emphasize significant findings from this
project. The literature review highlights many studies that have been conducted regarding
the use of hyperventilation in patients with neurological disturbances and each study has
come to conclusions on its beneficial or harmful use. The anesthesia provider, who is
responsible for the use of hyperventilation during neurosurgery, needs to be aware of the
studies conducted and results gathered to determine the efficacy of its use. Educated
decision making along with critical thinking skills must be at the forefront of every
anesthesia provider’s career. Through the information gathered in this project, hopefully the
decision making and understanding regarding when, who, and how much hyperventilation
should be used, can be made easier for all responsible.
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Questions to be Explored by this Project
Specifically, this project will examine the following questions:
1. What are the associated risks and benefits for the neurosurgical patient who
undergoes hyperventilation?
2. What physiological changes does the neurosurgical patient undergo during minimal
and/or prolonged hyperventilation that can be recognized by the nurse anesthetist?
3. For which neurosurgical patients/procedures should hyperventilation be avoided and
which patients can benefit from its use?
Physiological Framework
Due to the nature of this study and its physiological basis, the conceptual
framework for this study is based on a physiology frame. The framework that best fits this
model is taken from The Archives of Neurology (Raichle, Posner, & Plum 1970). This wellknown framework has been tested over the years, and continues to hold true today.
It is well established that the arterial carbon dioxide tension (PC02) is an important
factor controlling cerebral vascular resistance (CVR) and cerebral blood flow (CBF)
in healthy animals and man. An acute rise in PC02 causes a decrease in CVR which
increases the CBF, and a fall in PC02 has the opposite effect. (Raichle M, et. al.,
1970 p„ 394)
Simplistically, the above quote states that carbon dioxide, (C02) is the most potent
vasodilator/constrictor regulator in the body. The overall physiological basis is simply by
increasing the patient’s respiratory rate, C02 is exhaled, decreasing the body’s level, and
constricting the cerebral vessels. This vasoconstriction then decreases the amount of fluid
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allowed into the brain, decreasing its overall pressure. The reverse holds true: increasing the
body’s level of C02 decreased respirations.
In modem times, more factual information has been added to this framework, which
continues to add merit to the medical community and this subject. For example, the
physiological understanding from Hansen (1998) states:
Lowering PaC02 increases CVR, reducing CBV and ICP. The exact
mechanism by which C02 exerts its effect on cerebral vessels is not
completely understood. The prevailing theory is that changes in C02 produce
alterations in the pH of the CSF surrounding the arterioles, although this is
still controversial. This alteration occurs because C02 crosses the blood-brain
barrier freely, whereas bicarbonate fails to cross. Thus, decreases in PaC02
increase pH in the CSF and arteriolar walls. Because bicarbonate ions now
can cross the blood-brain barrier, changes in CSF pH and CBF resulting from
alterations in PaC02 last only a few hours. After this time, cerebral blood
flow returns to pre-hyperventilation values, despite continuing
hypo/hypercapnia. (p. 617)
The prevailing belief is that by decreasing the CBF and volume in the brain from the
use of the vasoconstricting actions of C02, the ICP of the patient undergoing surgery will be
decreased. This is a well-accepted theory, but it is now time to question if the
vasoconstricting effect places the patient at increased risk for ischemia. The vasoconstricted
vessels allow minimal oxygen transport into the brain, increasing the risk of ischemia.
According to Morgan & Mikhail (2002), ischemia is caused by a reduction of blood flow by
obstruction or constriction to tissue, muscle, or an organ that causes a reduction in oxygen

Hyperventilation

10

supply. This clearly applies to brain tissue as well. “In ischemic, already maximally
vasodilated areas of the brain, the relationship (C02 and vasoconstriction) breaks down, and
responses to hyper- and hypocapnia may be paradoxical” (Duke, 2000, p.207). This
phenomenon, termed “steal,” may divert blood flow away from the ischemic area, further
compromising perfusion. This can increase ischemia, due to decreased perfusion, and thus a
viscous cycle of edema and ischemia begins in a small, noncompromising space.
It is further believed that in patients without autoregulation disturbances, the effects
of cerebral vasoconstriction from hypocapnia are well tolerated. Cerebral autoregulation is
the cerebral vasculatures sensitivity to carbon dioxide, dilating in response to hypercapnia
and constricting in response to hypocapnia. In previously normocapnic patients, acute
hyperventilation to a PC02 range of 25to 30 mmHg probably provides maximum intracranial
decompression with minimal risk of cerebral ischemia (Hansen, 1998). This gives merit to
the thought that patients with minimal brain injury can tolerate the vasoconstricting effects
with minimal to no after effects or deficits. As mentioned before, it is the belief that the
brains autoregulation capability is only active in “normal,” non-ischemic vessels. Yet, the
question still exists as to what effects are being seen in the injured brain after
hyperventilation and what guidelines need to be in place in order to minimize them.
The concepts to be explored in this paper focus on the benefits and or risks associated
with the use of hyperventilation. As shown in the framework, the medical co mmunity is
aware of the physiological effects that carbon dioxide has on the cerebral vessels, but the
consequences of the efficacy of it’s use in the surgical setting continue to be studied. Several
research studies have been done to explore the effects of carbon dioxides use within this
setting, and there is an obvious relationship between its use and outcomes.
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Morgan and Mikhail (2002) found that moderate hyperventilation (PaC02 2530mmHg) is often very helpful in reducing CBF and normalizing ICP, but may aggravate
ischemia in patients with focal ischemia. This concept, which incorporates the abovementioned framework, is the basis for many studies conducted on this medically important
and controversial subject. This paper will conduct in-depth analysis on previously done
studies researching the effects of hyperventilation in neurosurgery and hopefully come to a
conclusion supporting or discouraging its continued usage.
Definitions
The following terms and concepts are used in exploring this research study and need
to be defined to further enhance the readers understanding of the phenomena studied.
1. Hyperventilation is defined as “excessive rate and depth of respiration leading to
abnormal loss of carbon dioxide from the blood” (Medline Plus, 2004). The
normal range of PC02 is 35-45mmHg and hyperventilation is any number below
35. Acute to moderate hyperventilation is considered to have a range from 2530mmHg (Nagelhout & Zaglaniczny, 2001). Morgan and Mikhail states, “lower
PaC02 (<25) provide little benefit and may be associated with cerebral ischemia
and impaired oxygen dissociation from hemoglobin” (p. 572). For this studies
purpose, hyperventilation will be defined as a PC02 between 25-34.
2. Minimal hyperventilation, for the purpose of this paper, is any hyperventilation
that is done for the purpose of rapidly decreasing ICP in an acute or emergent
situation. These situations may be to blunt the effects of intubation, intraoperative
rupture of cerebral vessels, or increased swelling. These interventions may be
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surgeon requested to facilitate surgery or anesthesia warranted for emergent, life
saving mechanisms.
3. Prolonged hyperventilation is hyperventilation that maintains carbon dioxide
below 35 throughout the entire surgery.
4. Neuroanesthesia is the application of anesthetic pharmacology principles to the
intraoperative care of patients with central nervous system (CNS) pathology
(Nagelhout & Zaglaniczny, 2001). The neurosurgical patient and neuroanesthesia
patient can and will be used interchangeably in this study, and consist of any
patient undergoing surgery that involves the brain. Because any patient
undergoing neurosurgery will obviously have pathology involving the CNS, it is
with this assumption that all of these patients will have some semblance of
cerebral autoregulation disturbances.
Assumptions
The following assumptions were made for this independent project:
1. Numerous research studies have been conducted on the effects of
hyperventilation on the neurosurgical patient.
2. Results from critiqued studies are beneficial to and essential for safe
anesthesia practice.
3. Research studies to be critiqued were conducted with high quality and
professionalism and accurate data collection and analysis was provided.
4. Hyperventilation in regards to neuroanesthesia is a topic of concern within
the anesthesia community and anesthesia providers will be interested in this
project’s findings.
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Limitations
The following limitations were found for this independent project:
1. Multiple studies relating to C02 levels on cerebral vasculature have been
conducted on animals versus humans.
2. Many facilities in which anesthesia is provided may not perform
neurosurgery, limiting this studies findings to those anesthesia providers
which have interest in this process or perform neuroanesthesia.
Limitations that may be encountered while conducting this project will be
acknowledged and their effects taken into consideration in regards to the projects outcome.
Review and Critique of Related Studies
A review of studies on this topic has been conducted and discussed in sections
supporting the use of hyperventilation, discouraging the use of hyperventilation, and those
that found inconclusive evidence to suggest either intervention.
Drs. Wang and Popovich from Royal Perth Hospital of Australia have published
“Anaesthetic Management of Subarachnoid Haemorrhage” (2003), which suggest specific
intraoperative management for neurosurgical issues. Hyperventilation is one of their
suggestions. They write, “hyperventilation is the most efficient means of reducing ICP”
(Wang & Popovich, 2003, p.4). They further suggest that moderate hyperventilation (2530mmHg) may be considered after incision in the presence of a “tight” brain, or brain that is
impeding on the cranial vault. No citations or references, specifically relating to such
information are given, but this suggestion is commonplace in most neuroanesthesia texts.
Specific pathology is not mentioned, but the authors do further suggest that hypocapnia may
further compromise cerebral perfusion in some patients. Suggestions and conflicting
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recommendations like these create the need to conduct an in-depth literature review that will
further divulge into the rationale and compromises of the intraoperative management of these
patients.
Studies supporting the use o f hyperventilation for the neurosurgical patient.
In a Chinese study (Chen, Wang, Xiong, Hu, Dong, & Zeng, 2000), 114 patients with
supratentorial tumors were randomly assigned to 6 groups to evaluate the effects of
anesthetic techniques on cerebral oxygen balance and find an appropriate degree of PC02
during neuroanesthesia. Groups 4-6 were given the same anesthetic technique as the first 3
groups, but the PetC02 (measurement of exhaled carbon dioxide) was adjusted to 25, 30 and
35mmHg respectively. Group 4, with hyperventilation to 25mmHg, had decreases in jugular
venous oxygen saturation (Sj0 2)’reflective of the brains oxygen saturation, and a decrease in
cerebral oxygen extraction.
Jugular venous oxygen saturation (SjV02, sometimes abbreviated Sj02) is an
indirect assessment of cerebral oxygen usage. It is comparable to Sv02 that is measured to
determine the body’s oxygen supply/extraction ratio, commonly monitored in critical care
and cardiovascular patients. The normal range for Sj02 is 55-75%. In regards to Sj02,
“simplistically, when demand exceeds supply, the brain extracts greater oxygen, resulting in
decreased jugular bulb oxygen saturation” (Schell & Cole, 2000, p., 560). The use of Sj02
catheters has benefited studies done regarding hyperventilation. In the Chen, et al. (2000),
study there were significant differences in the groups that did not have sustained
hyperventilation when compared to those that did. One difference was 37.5% of patients in
the groups with sustained hyperventilation to a PC02 of 25 had Sj02 readings of less then

Hyperventilation

15

50%. This low value typically suggests increased brain 02 extraction as a result of systemic
arterial hypoxia.
The study confirmed that hyperventilation to a PaC02 of 30mmHg was optimal for
patients undergoing craniotomy and excessive hyperventilation did not produce further
reduction in ICP, but did result in a worsening state of ischemia (Chen et al., 2000). In
conclusion, this study suggested that acute to moderate hyperventilation to 30mmHg is
warranted and beneficial. Yet, they do agree that excessive hyperventilation below 30mmHg
did not produce any benefit and actually worsened the outcome for the patient.
A second study, Thiagarajan, Goverdhan, Chari, and Somasunderam (1998), also
used Sj02 monitoring to add merit to their study. According to this study, hyperoxia during
acute hyperventilation in patients with head injury improves oxygen delivery to the brain,
which may be beneficial in patients with head injury. This study iterated the effects of
hyperventilation by quoting previous research in its opening paragraph. They concluded that
acute hyperventilation induces cerebral vasoconstriction, with a reduction in cerebral blood
volume and a resultant decrease in ICP, which may improve CPP. Cerebral vasoconstriction
secondary to hyperventilation has also been known to cause cerebral ischemia (Thiagarajan
et ah, 1998). This study strived to support the use of a disputed technique (hyperventilation),
by adding increased oxygenation, in hope of increasing the efficacy of its use.
The basis of the study relied on the factual information that brain function is
dependent upon oxygen delivery, but too much oxygen has also been shown to lead to
cerebral ischemia from a study conducted by Shinij, John, and Amano (1983). The
Thiagarajan study along with a study conducted by Matta, Lam, & Mayberg (1994), assessed
the effect of hyperoxygenation on Sj02 intraoperatively and both studies concluded that
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hyperoxia during hyperventilation improves oxygen delivery in neuroanesthesia patients,
while decreasing ICP.
The Thigarajan et al. study, after Institutional Review Board (IRB) approval and
family consent were obtained, monitored 18 head injured patients receiving elective
hyperventilation. Patients with preexisting lung pathology, hemodynamic instability, and
infections were discluded. Appropriate monitors were placed consisting of arterial lines,
central venous pressure and Sj02 catheters. Hyperventilation was induced to 30mmHg for 30
minutes with pertinent values and arterial blood gases measured. Minute ventilation was
then increased, resulting in PC02 of 25 for 30 minutes and the same measurements were
again taken. Throughout sample collection Pa02 was hyperoxygenated to levels between
100-150mmHg in hopes of increasing oxygen supply to brain tissue through the
vasoconstricted vessels. The lowest Sj02 measurement in this study was 60% at PC02 of 30
and 51% at PC02 of 25, while P02 was at a level Of 200-250mmHg.
Although no measurements of ICP were taken in this study, it is known that a clinical
use of Sj02 is to guide hyperventilation. “Although hyperventilation reduces intracranial
pressure it is important that this does not occur at the expense of cerebral ischemia”
(Gomersall, 2004 p. 2). Gomersall (2004) also notes that a low Sj02 value (less then 55%),
is due to increased brain oxygen extraction as a result of low CBF from intracranial
hypertension. This correlation can be applied to this study, if ICP’s had been measured.
The concluding results from the Gomersall (2004) study suggest, “hyperoxia during
acute hyperventilation in patients with head injury improves oxygen delivery to the brain,
and moderate hyperventilation (PC02 of 30) in combination with higher P02 may be
beneficial in patients with head injury” (p. 852). This is a definitive conclusion, but leaves
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the reader questioning if Sj02’s below 55, as was the case with patients hyperventilated to
PC02 of 25, are adequate. The reader questions if the low value is indeed from increased
oxygen extraction from the brain, or a true reflection of the minimal amount of oxygen being
delivered through the constricted vessels.
A third study also used hyperventilation with the addition of a second mechanism to
decrease ICP in neurosurgical patients. This study, conducted in 1998 by Watts, Eliasziw,
and Gelb, focused on propofol and hyperventilation for the treatment of ICP in rabbits.
Twenty-three rabbits were anesthetized, and cannulazied through cranial bun1holes to induce
increased ICP. ICP was increased over 90-120 minutes until a stable, but high ICP of 2530mmHg was obtained. The rabbits were then divided into two groups. The first group was
given propofol followed by hyperventilation to control ICP, while the second group used
hyperventilation followed by propofol to control ICP. The study showed that, between the
groups, there were no changes in MAP in either group. The major difference between groups
occurred with the changes in cerebral perfusion pressure (CPP). Group 1 had increases in
CPP with both propofol and then hyperventilation treatment. Group 2 had increases in CPP
only after propofol was added post hyperventilation (HV). Whatever the explanation, the
studies observations showed, “that the reduction in ICP is greater when propofol rather than
hyperventilation is used as the initial treatment. We also demonstrated that propofol and HV
have an additive effect in the treatment of increased ICP” (Watts et al., 1998, p.568). The
findings in this study lead medical personnel to consider use of other agents in controlling
acute management of ICP. Here, propofol is considered a better choice for initial treatment
for three mechanisms.
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First, HV produces vasoconstriction that is not coupled to a reduction in
cerebral metabolic rate (CMR). This may have caused areas of cerebral
ischemia not detected by our methodology. Localized cerebral ischemia
resulting in vasodilation and areas of blood volume increases would have
limited the reduction in ICP with HV. That ischemia occurs as a result of HV
has been demonstrated in studies that have examined regional CBF and global
cerebral oxygenation. Second, propofol reduces CMR, which is coupled with
cerebral vasoconstriction. Third, propofol may have a greater effect than
PC02 on the cerebral venous system. (Watts et al., 1998, p.568)
Yet after the above definitive statement, the study also “confirms that HV alone
significantly reduces increased ICP and could be used to treat dangerous increase in ICP”
(Watts et ah, 1998, p.567). As with many other studies, the research on the general use of
hyperventilation is discussed and supported or discouraged, but few offer insight to the depth
and duration of its use and a risk/benefit ratio.
Although this independent project will not focus on the effects of propofol for the
management of ICP in neuroanesthesia, this last study was included to highlight the
possibility of other mechanisms to control cerebral blood volume (CBV) and CBF in the
neuroanesthesia patient. This last study suggests that CBV can be altered with other agents
that may not have some of the negative effects associated with prolonged hyperventilation.
These studies, in general, have taken the controversial subject of hyperventilation and
gleamed it acceptable if done with the inclusion of increased oxygen delivery or
neuroprotectant medications to offset the negative aspects of carbon dioxide and enhance its
ability to vasoconstrict cerebral vessels and decrease ICP.
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Studies against the use o f hyperventilation for the neurosurgical patient.
A study done by Muizelaar, Marmarou, Ward, Kontos, Choi, Becker, Gruemer, and
Young (1991) examined the adverse effects of prolonged hyperventilation in patients with
severe head injury. The reason for the study was to broaden the theoretical advantages and
disadvantages of hyperventilation. The known advantages are vasoconstriction for ICP
control and reversal of brain and CSF acidosis. The disadvantages include vasoconstriction to
the extent that cerebral ischemia ensues or worsens.
It is known that increased ICP adversely affects outcomes, and it is hoped that
outcomes can be improved by decreasing ICP through the cerebral vasoconstricting effects of
hyperventilation. Second, cerebral lactic acidosis is often found after head injury and is also
correlated with adverse outcomes. Arguments exist that hyperventilation may turn borderline
cerebral ischemia into frank ischemia with ensuing neuronal death (Obrist, Langfitt, & Jaggi,
1984). In addition, research has shown that the effects of hyperventilation have been short
lived and possibly counterproductive after 24 hours (Muizelaar, Van der Poel, & Li, 1988).
At the time of this study, no clinical trials had been found comparing normoventialtion to
hyperventilation.
The subjects in this study consisted of all patients admitted to Medical College of
Richmond with a severe head injury. All subjects were intubated and artificially ventilated.
P02 was maintained above 80% and attempts were made to keep electrolytes, glucose and
hemoglobin levels normal. ICP measurements were obtained through various catheters.
Analysis of outcomes showed that patients in the hyperventilated (HV) group fared worse
than the control (nonhyperventialted) group (p<0.03). The HV group was hyperventilated to
whatever amount of PC02 was necessary to reduce ICP. The lowest value recorded was
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20mmHg. The authors noted that this aggressive hyperventilation was only used when all
other mechanisms to reduce ICP were tried and failed.
Outcome analysis for this study was based on the Glasgow Coma Scale at measured
intervals of three, six and twelve months post injury. The analysis of outcom es showed that
at three months, the patients in the HV group faired worse then the control group (p<0.03).
The difference at six months was somewhat less pronounced, but the researchers concluded
that, “the deleterious effect of hyperventilation was evident” (Muizelaar et ah, p. 735). The
12 month analysis showed little significant difference in outcome except for the surprising
fact that 34% of nonhyperventialted patients had died versus only 24% of patients in the HV
group. The reader does question if the extent of head injury and it’s resulting effects on other
body systems may have contributed to worsening outcomes then the use of hyperventilation
alone. The critiqued study fails to address this subject.
In conclusion, this study showed that “prophylactic use of sustained hyperventilation
for a period of five days retards recovery from severe head injury, with outcomes being
statistically significantly worse at three and six months” (Muizelaar et al., 1991). Although
this study does not specifically discuss the effects of hyperventilation on the neurosurgical
patient, it lays a basic foundation for the delayed effects of carbon dioxide on the brain.
Researchers Kennealy, McLennan, Loudon, & McLaurin (1980) studied
hyperventilation induced cerebral hypoxia. The basis of their study stemmed from evidence
that suggests marked hyperventilation may cause cerebral hypoxia and reduced cerebral
metabolism. Their study’s purpose was to determine the effect of acute hyperventilation on
cerebral tissue oxygen and carbon dioxide tensions in dogs.
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In the Kennealy et al. (1980) study, seven mongrel dogs were anesthetized with
pentobarbital (which has cerebral protective properties itself), intubated, IV cannulazied, and
had an intracranial catheter placed. After baseline data was recorded under nonnal 10-12
breath ventilation, the respiratory rate was then increased to 36 breaths per minute. During
this time, 100% oxygen was used for ventilation. Arterial C02 was recorded as low as
12mmHg, and cerebral C02 dropped from normal values of 65-68mmHg to 30-38mmHg.
The findings showed that acute hypocapnia is associated with a decrease in cerebral oxygen.
This is significant because their findings also state, “hyperventilation acutely decreases
cerebral blood flow with very little effect on cerebral oxygen consumption” (p. 410). In
simple terms, the brain is still requiring its normal oxygen consumption, but the resulting
hypocapnia has decreased the availability of the oxygen transported to the brain, thus
resulting in cerebral hypoxia. The researchers further concluded providing ventilation with
100% oxygen to compensate for the demand and lack of supply in the brain is not practical
due to its pulmonary toxicity, but may be used for acute situations.
Studies neither for nor against the use o f hyperventilation for the neurosurgical patient.
A recent study conducted by Broux, Tropres, Montigon, Julien, Decorps, and Payen
(2002) focused on the effects of sustained hyperventilation on anesthetized rats. The reason
for the study stemmed from the research done by Muizelaar et al. (1998) that suggested the
vasoconstricitive effects of hyperventilation is not maintained and hyperventilation for 4-6
hours results in a gradual increase in arteriolar diameter. This gradual increase has shown
that upon termination of hyperventilation that cerebral blood flow may actually increase
above control values or pre-hyperventilation values (Raichle et al., 1970).
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The Broux study investigated the regional cerebral blood volume (CBV) response
during three hours of hyperventilation in anesthetized rats. Exclusion criteria consisted of
specific hemodynamic and ventilatory values. The control period was deemed normocapnia,
followed by three hours of hyperventilation to PC02 ~25mmHg, and then concluded with a
return to normocapnia. Vital signs were closely monitored and Magnetic Resonance Images
(MRI) and ultrasounds were viewed to determine blood flow in the specified brain regions.
The findings in general indicated that sustained hyperventilation during neuroanesthesia
resulted in different regional CBV responses. This is explained through a probability
assumption that, “this mechanism probably depends on the relationship between extracellular
pH and regional CBV. The reexpansion of cerebral vessels is believed to result from an
adaptation of brain pH ” (Broux et al., 2002, p. 1750). The researchers support this
explanation by reiterating that no fluctuations in blood gases or pH occurred throughout the
hyperventilation period and that “metabolic acidosis has no major effect on CBV” (p. 1749).
Although this study adds information to the cerebral responsiveness to carbon dioxide and
the adaptation mechanisms, it fails to conclude if the adaptation lends itself as a positive or
negative feedback mechanism.
Hancock, Mahajan, & Aathanassiou (2003) studied 17 healthy volunteers who were
asked to hyperventilate while vital signs and transcranial Doppler ultrasound probe
recordings were measured. All subjects were successful in achieving an approximately
9mmHg increase and decrease in PC02. The resulting conclusions were, “in healthy
subjects with no neurological disease, decreases in PC02 can cause significant reduction in
cerebral perfusion pressure (CPP), whereas increases in PC02 have the opposite effect”
(Hancock Mahajan, & Aathanassiou, 2003, p848). This research follows the known
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physiology of the effects of carbon dioxide on cerebral vessels, in relation to its vasoconstricting and dilating effects. The study does not state, but also does not dispel that the
effect of the study had no detrimental effects to the neurological status of the healthy
volunteers. This subjectively supports that the autoregulated intact brain is able to widely
compensate for the vasoconstricting or dilating effects of carbon dioxide. Although
important to understanding the regulatory effects of the brain, it fails to lend insight into the
effects on the neurosurgical patient, who more then likely will present with auto-regulation
disturbances.
Considerations o f studies findings in regards to hyperventilation in neurosurgical patients.
The literature review conducted in this paper validates the point that hyperventilation
in neurosurgery continues to cause debate. The hopes of this paper were to sift through and
recognize studies outcomes that will better enable the anesthesia provider to form an
individualized, yet research based opinion on how to incorporate ventilation in their patients
care.
To summarize, the studies against hyperventilation were able to show that continued
hyperventilation under 30mmHg caused increased ischemia and hypoxia and may worsen
patients’ outcomes. Roberts, Schierhout, & Alderson, (1998) stated, “Secondary brain
damage from ongoing cerebral hypoxia is an important cause of avoidable death and long
term disability.. .those likely to cause secondary damage include, hypoxia, hyperventilation,
and hyperthermia” (p.729). The studies that support hyperventilation believe that
hyperventilating and decreasing cerebral blood flow decrease total blood volume thus
decreasing ICP and any detrimental effects that may follow.
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Both groups mentioned above have valid points and well-conducted studies, but many
other variables may be in place when considering the anesthetic plan for patients with
neurological sequale. Often the anesthesia provider does not know the extent of the brain
injury. The injury may be widespread or focal, it may be a vascular problem, or a tumor
obstruction. The patient will often times have other pathological problems in place. These
may include systemic vascular problems, lung pathologies, various organ failures or
anomalies or in worse case scenario-a multi organ trauma patient that has arri ved on the OR
table clinging to any chance of life. All of these variables have a significant impact on how
an anesthesia provider develops the anesthetic plan for this patient. This taken into
consideration, it is this papers hope to provide “general” guidelines in regard to
hyperventilation’s usage within the neuroanesthesia population based on the studies critiqued
for this project.
Considerations for Anesthesia Nursing Practice
Hyperventilation has long been considered a valuable tool in treating ICP in patients
with neurological impairments, yet the physiological basis for how it works has now been
reevaluated and studied in more in-depth ways. Because of these studies, conclusive
evidence has shown that hyperventilation not only decreases cerebral blood flow, but in some
patients may be the causative factor in changing a normally autoregulated brain to one
without autoregulation, thus increasing the risk of global ischemia (Brain Trauma
Foundation, 2004). In two studies cited by the Brain Trauma Foundation, “hyperventilation
actually caused an increase in ICP; Cockard found an increase in ICP in 4 of 14 patients with
a decreases in PaC02 to 25-30mmHg, while Obrist found decreased ICP in only 15 of 31
patients that received hyperventilation, while CBF decreased in 29 patients” (2004, p. 102).
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The Brain Trauma Foundation concludes, “that while hyperventilation will reduce CBF, it
will not consistently decrease ICP and may cause loss of autoregulation.” (2004, p. 105).
Each anesthetic will call for an individualized anesthetic plan, and this holds true for
any neurosurgical case. The choice of anesthetics and intraoperative medications will change
the physiological status of the body and it is the anesthesia providers’ job to understand these
changes to the best of their ability. Hyperventilation and its effects on the body have been
the main topic of this project but one must still take into consideration the other techniques
used to preserve cerebral function while undergoing anesthesia. Anesthetic agents as well as
surgical interventions, drains, and patient status all dictate the intraoperative course. This
project called into focus only one of these, hyperventilation, and what is currently known
regarding its usage. Simplistically stated, this project did not take into consideration patient
status, medications being used preoperatively, intraoperatively or postoperative, but does
reiterate that the number one variable in cerebral vasculature control is C02 and the basic
understanding of its role is essential in determining any other factors in preserving cerebral
function.
Due to the importance of understanding hyperventilation in neurosurgery and
summarizing the highlights of this project, I have compiled pertinent points, facts and
suggestions related to the management of these patients. These can be found in the handout
titled, “Points to Consider: Hyperventilation and the Neurosurgical Patient.” (see Appendix
A.)
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Implications for Nursing
Practice
The anesthesia provider is solely responsible for monitoring the patient’s vital signs
and administering appropriate medications or interventions to ensure optimal hemodynamics.
Any finding that can optimize the usage of interventions, such as the usage of
hyperventilation with the neurosurgical patient, are of vital importance to the anesthesia
practice.
The uninjured, autoregulated brain can handle the effects much differently then can
an injured brain with poor autoregulation. Jaffe and Samuels (2004) note that some patients
with diffuse injury will have lost cerebrovascular sensitivity to PaC02, whereas
hyperventilation will have little or no effect. The anesthesia provider must be aware that not
all neurosurgical patients can be treated the same way where hyperventilation is concerned.
That is why it is the hopes that this project will add insight or validate the appropriate usage
of hyperventilation within the neurosurgical population and anesthesia nursings practice.
Research
Although the effects of hyperventilation on cerebral vascular is unchanging due to it
being a physiological process with scientific results, further research on this subject is
continuously warranted. Due to strict Institutional Review Board policies, few human
research trials can be conducted where manipulating brain vascularity and blood flow on
healthy volunteers versus injured brains is allowed. The practice of hyperventilation is one
that remains because we do know that decreased carbon dioxide decreases blood flow to the
brain subsequently lowering intracranial pressure. But, new technology (Sj02) on braininjured patients in intensive care units questions when the decreased blood flow from
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hyperventilation becomes a hindrance, by limiting oxygen transport, rather then a helpful
intervention. Newer research studies examining the effects on carbon dioxide levels on the
brain are being conducted on rabbits and rats and are showing some results that may be
transferable to humans. These studies may be able to add more conclusive data and evidence
for or against the use of hyperventilation.
Education
Education is a vital and intrical part of every nursing profession. In order for any
nursing career to provide safe care, the most current and research based practices need to be
made available to those practicing. Anesthesia providers administering neuroanesthesia must
be well aware of any practice that may be beneficial to some patients while harmful to others,
as may be the case of overuse of hyperventilation. There is no better way to change or
strengthen practice then proper and continuing education. This is why the information
presented in pamphlet form from this project will be used as a teaching aid. It will contain
research based and current data to further educate future and currently practicing anesthesia
providers.
Policy
Not until continued research and synthesis of data on this subject are made available
and proven can any policy be affected. A guide to the usage of hyperventilation may be
useful, but guides must be used frequently with proven risk/benefit issues before policyaffecting practice can be altered. Due to the nature of this process, which is summarizing
current data versus conducting one’s own research study, policy is minimally affected from
this study.
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Recommendations for Further Studies
The physiology of carbon dioxide’s effect on the brain is known. There is no
argument that carbon dioxide does effect the dilatation and constriction of cerebral vessels.
Hansen (1998) states, “lowering PaC02 reduces cerebral blood volume and intracranial
pressure, but the exact mechanism for this is unknown” (p.617). The problem is to what
extent is this process done in brains with impaired autoregulation. Studies are continuously
being conducted to determine this answer, but the resulting endpoints are different in
multiple cases as pointed out in the literature review. One recommendation for further
studies may be that by increasing the use of venous oxygen saturation monitors (Sj02) to
measure cerebral oxygen content during hyperventilation, the answers to the extent of when
and why to use hyperventilation and it’s short and long term effect on the neurosurgical
patients oxygen delivery status can be answered.
Conclusion
The purpose of this study was to examine the use of hyperventilation in the
neuroanesthesia setting, identifying the effects of its usage and develop guidelines to assist
anesthesia providers in the usage of hyperventilation. Current and past research was
identified and critiqued with pertinent findings discussed within this paper. Appendix A lists
these findings and allows anesthesia providers to quickly familiarize themselves with the
effects of hyperventilation and how their part in neurosurgery greatly affects the outcomes of
these patients. It is through continual self-education and physiological understanding of
anesthesia interventions that anesthesia providers can continue to administer safe and
outstanding care to all patients that taist and rely on anesthesia providers for their care.
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Points to Consider: Hyperventilation and the Neurosurgical Patient

Neurophysiology and neuroanesthesia facts:
> All inhalational agents are potent cerebral vasodilators
> Propofol, barbiturates, benzodiazepines constrict cerebral vasculature and intracranial
pressure and blunt the sympathetic effects of intubation/emergence that may increase
ICP.
> Cerebral blood flow is 750ml/min or 15% of cardiac output and is determined by
cerebral vascular resistance and cerebral perfusion pressure. When CBF falls below
50% of normal it leads to cerebral ischemia.
> Cerebral Perfusion Pressure=MAP-ICP
> PaC02, Pa02 and temperature alter cerebral vascular resistance.
> Normally changes in CPP does not altar CBF because CBF is autoregulated over the
MAP range of 50-150mmHg
> Autoregulation of the brain is absent in diseased or traumatized regions of the brain.
These regions include tumors, vascular anomalies, hemorrhages, and after any brain
trauma.
> Normal intracranial pressure is 5-15mmHg

Carbon dioxide: Hyperventilation and its effects on the neurosurgical patient.
> THE MOST POTENT VASODILATOR OF THE CEREBRAL VASCULATURE IS
CARBON DIOXIDE!!
> CBF is directly proportional to C02
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> The normal brain has compensatory mechanisms to ensure an appropriate balance
between vasoconstriction and dilation.
> The brain with any autoregulation disturbance has a breakdown in the relationship
between C02 and vasoconstriction and the response to C02 may be paradoxical
o

This leads to cerebral “steal” which will divert blood flow away from the
ischemic area, further compromising perfusion. This leads to a cycle of
decreased perfusion, edema, and increased ischemia.

To prevent this phenomenon the anesthesia provider has been told to hyperventilate
the patient. Thus allowing blood to shunt from adequately perfused tissue to ischemic
areas.
> New research has shown that through SJ02 monitoring that CBF oxygenation is
drastically decreased with a decrease in C02 and vasoconstriction. The BTF states
that SJ02 less than 50% is considered desaturation and the leading factor to
desaturation is CBF. When patients with autoregulation disturbances were
hyperventilated to a C02 of 22 the SJ02 level read at an average of 45%. When the
patient was hyperventilated to a C02 of 32 the average oxygenation of the brain was
58%
> Hyperventilation will decrease cerebral blood flow with little effect on cerebral
oxygen consumption. This means that the brain still has its normal oxygen
requirements but less oxygen is being delivered to the brain. Anesthesia providers
can decrease cerebral metabolism and oxygen needs with commonly used barbiturates
and propofol. Yet one must ensure that CPP does not drop below 60 with ensuing
drops in MAP related to general anesthesia.
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> Jaffe & Samuels recognized that some patients with diffuse brain injury and impaired
autoregulation will have lost cerebrovascular sensitivity to PaCo2 such that
hyperventilation will have no effect on vascular volume in these areas.
o

In such cases hyperventilation then is only decreasing the available oxygen
supply without the compensatory mechanism to shunt blood from
nonischemic areas to ischemic areas (Robinhood effect).

> Overall research data concludes that hyperventilation to a PaC02 of 30 was optimal
for patients undergoing craniotomy, while excessive hyperventilation worsened the
ischemic state.
> Hyperventilation during the induction phase of anesthesia needs to be further
researched, but should not be harmful to the patient for the short period of time it is
used to counteract the sympathetic effects of intubation.
> During intraoperative catastrophic events such as aneurysm rupture or ensuing
herniation, hyperventilation will be the quickest way to decrease ICP.
> The body’s natural buffer system will only allow the decreases in CBF to last a few
hours further suggesting that prolonged hyperventilation is not warranted
o The increased pH in the CSF, due to decreased C02, changes the blood brain
barriers ability to allow bicarbonate ions to cross which neutralizes the acidity
and blunts any continued effect of hyperventilation.
> Intraoperative ICP monitoring is rare, but establishing a physiologic MAP and
maintaining it slightly higher than normal along with normocapnia should adequately
perfuse the brain while undergoing anesthesia.
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> Current recommendation established through in-depth literature review suggest
maintaining ETC02 no lower than 28. Which correlates to a PaC02 around 32,
which is slightly lower then normal. Where as increasing ETC02 closer to 30-35
after induction of anesthesia allows for normocarbia throughout the case. In this
instance the surgeon can then dictate the need for variations of C02 as he/she
warrants during direct visualization of the cerebral vasculature.
> Brain Trauma Foundation recommendations (2004)
o HV therapy may be necessary for brief periods when there is acute
neurological deterioration, or for longer periods if there is intracranial
hypertension refractory to sedation, paralysis, CSF drainage and mannitol,
o

Sv02, Sjo2, and CBF monitoring may help to identify cerebral ischemia if
HV, resulting in PaCo2 value <30, is necessary

o

The use of HV <35 during the first 24 hours after severe brain injury should
be avoided because it can compromise cerebral perfusion during a time when
CBF is already decreased.
■ CBF is lowest during the first 24 hours, Orbist (1984) has suggested
that brain injury causes a decrease in cerebral metabolism, and the
decreased CBF is enough to meet these metabolic needs. HV then
decreases this CBF further resulting in increased ischemia.

> Anestheisa provider must be aware that not all neurosurgical patients can be treated
the same in regards to HV.
o

Some patients with diffuse injury will have lost cerebrovascular sensitivity to
C02 and hyperventilation will have no effect.
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At the time of concluding this project the Brain Trauma Foundation (2004) Guidelines for
Surgical Management of Traumatic Brain Injury is currently under peer review and
unavailable for viewing on their website http://www2.braintrauma.org/guidelines/. This site
should be accessed for any future questions regarding their recommendations on
hyperventilation and the neurosurgical patient.
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Nueronhvsioloav and Neuroanesthesia Facts
•

All Inhalational agents are potent
cerebral vasodilators

H Y P E R V E N T IL A T I O N A N D T H E
N EU R O S U R G IC A L P A TIEN T

•

When cerebral blood flow (CBF) falls
<50% of normal, cerebral Ischemia
ensues.

•

Normally changes In cerebral perfusion
pressure does not altar CBF because
CBF Is autoregulated over a MAP range
of 50-150mmHg.

•

Autoregulation of the brain Is absent In
diseased or traumatized regions of the
brain. These Include tumors, vascular
anomalies, hemorrhages, and after
trauma

•

Normal Intracranial pressure Is 515mmHg

•

Cerebral
perfusion
ICPPI=MAP-ICP.

pressure

•

Keep CPP>60

•

FaC02. Pa02 and temperature alter
Cerebral vascular resistance

•

lugular venous oxygen saturation (S]02)
Is an Indirect measurement of cerebral
02 usage and normal range Is 55-75%.

This information provided in this pamphlet is
from an Independent Research project and is
not endorsed by any medical or health
association, but is purely facts and
information surmised from current research
that can be found referenced in my
Independent Project-Melissa Laspi (2005)

FACTS AND
INFORMATION

CURRENT RECOMMENDATIONS
>

Hyperventilation to a PaC02 of no
lower than 30-32 was optimal for
patients undergoing craniotomy

>

Maintain ETC02 no lower than 28
throughout induction

>

Maintain ETC02 30-35 throughout
the duration of the case

>

Hyperventilation during induction
needs continued research but
should not be harmful for the
patient for the short duration.

>

During intraoperative catastrophic
event (aneurysm rupture) rapid
hyperventilation is the quickest
way to decreases ICP-but may
sacrifice 02 delivery
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CARBON DIOXIDE: Hyperventilation and Its effects on
the neurosurgical Patient
•

THE MOST POTENT VASODILATOR OF THE CEREBRAL
VASCULATURE IS CARBON DIOXIDE!)

•

CBF is directly proportional to C02

•

The brain with any autoregulation disturbance has
a breakdown in the relationship between C02 and
vasoconstriction and the response to C02 may be
paradoxical
o

This leads to a cycle of decreased
perfusion, edema, and increased
ischemia

•

Hyperventilation will decrease CBF with little or
no effect on cerebral 0 2 consumption: meaning
the brain still has its normal 0 2 requirements but
with less 0 2 being delivered

•

In cases with impaired autoregulation,
cerebrovascular sensitivity to PaC02 may be lost
so that hyperventilation will have no effect on
vascular volume

BRIAN TRAUMA FOUNDATION~2004
Hypervenitlation may be necessary for
brief periods during neurological
deterioration
Hyperventilation during the first 24 hours
post injury/event should be avoided as CBF
is at low flow as self-protective mechanism

HELPFUL TIDBITS OF
KNOWLEDGE
O 3 % change
in
cerebral blood flow for
each mmHg change in
carbon dioxide
O Many patients with
brain injury and impaired
autoregulation will have
lost
cerebrovascular
sensitivity
to
carbon
dioxide
O The

increased
pH
change
that
follows
hyperventilation causes
changes in the blood
brain barrier allowing
bicarbonate ions to freely
cross
and
neutralize
carbon dioxide. Further
changes in C02 will have
no effect, but the initial
vasoconstriction
from
hyperventilation can last
up to 24 hours

